
NORTH DAKOTA 

DEPARTMENT OF TRANSPORTATION 


MATERIALS AND RESEARCH 

DIVISION


Experimental Study MR 97-02 

Performance of Stabilized Bases 

Final Report 

Project SS-2-001(025)033 

February 2003 

Prepared by 

NORTH DAKOTA DEPARTMENT OF TRANSPORTATION 

BISMARCK, NORTH DAKOTA


Website:http://www.discovernd.com/dot 


DIRECTOR 
David A. Sprynczynatyk, P.E. 

MATERIALS AND RESEARCH DIVISION 
Ron Horner 



Experimental Study MR 97- 02 

Performance of Stabilized Bases 

Final Report 

Project SS-2-001(025)033 

February 2003 

Written by 

Bryon Fuchs 



Disclaimer 

The contents of this report reflect the views of the author or authors who are responsible 
for the facts and the accuracy of the data presented herein. The contents do not reflect 
the official views of the North Dakota Department of Transportation or the Federal 
Highway Administration. This report does not constitute a standard, specification, or 
regulation. 



TABLE OF CONTENTS 

Objective ..............................................................................................................1


Scope ...................................................................................................................1 


Location ...............................................................................................................2 


Design ..................................................................................................................3 


Traffic ...................................................................................................................3 


Construction ........................................................................................................4 


Evaluation ..........................................................................................................10 


Summary............................................................................................................15 


Recommendation ..............................................................................................16


Appendix A—Plans .........................................................................................A-1 


Appendix B—FWD Data..................................................................................B-1


Appendix C—Consolid Information...............................................................C-1




Performance of Stabilized Bases 

Objective 
Most of the state’s flexible pavement systems have been constructed using 

aggregate base laid on the existing or prepared subgrade and paved with Hot 

Bituminous Pavement (HBP). Today, new pavements must withstand more traffic and 

heavier loads when compared to earlier pavements. 

If a roadway base layer section can be made stronger by stabilization, thickness 

of the hot bituminous pavement layer could conceivably be decreased or performance 

of the roadway increased. 

The objective of this study was to determine if stabilizing the base material would 

significantly increase the structural value of the pavement section and improve long 

term performance of the roadway. 

Scope 
In 1998, the North Dakota Department of Transportation (NDDOT) constructed 

an experimental test section that utilized different stabilizing agents in the base section 

on one of their projects. 

The NDDOT evaluated this test section for a period of 5 years. The following 

items were evaluated: 

⇒ Distresses in the pavement. 

⇒ Overall pavement condition. 

⇒ Crack pattern in the different base sections. 

⇒ Performance of each section. 

⇒ Effect on rutting in the stabilized base sections. 

⇒ Ride characteristics. 

⇒ Base strength as determined by the Falling Weight Deflectometer (FWD). 
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Location 
The experimental section was incorporated into project SS-2-001(025)033. 

project was located on ND Highway 1 between its intersection with ND 13 on the south 

end and ND 46 on the north end. 

Project SS-2-001(025)033 

Figure 1. Project Location. 

The 

Please refer to Figure 1. 
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Design 
Three different experimental sections were designed. Each section utilized a 

different product to stabilize the base section. The three products used were; lime, 

cement, and Consolid.  A fourth section was constructed without stabilizers and was 

used as the control section. The length of each section was 1,500 feet. 

Each section was constructed with fourteen inches of aggregate base and 4-1/2 

inches of HBP. 

Table 1 gives the application rates of the various stabilizing agents used and the 

reference points for each section. 

Reference point 
Stabilizing Agent 

From To 

Design and 
Construction 

Application Rate 

Lime 43.863 44.147 3% by weight 

Cement 44.147 44.431 4% by weight 

Consolid 44.431 44.716 0.03 gallons per 
Square Yard 

Control 44.716 45.000 ——— 

Table 1 

Density of the blended base was estimated at 130 lbs/ft3. Consolid was 

incorporated into the base as recommended by the manufacturer. 

Traffic 
Two-way traffic for Highway 1 from ND 27 to ND 46 is shown in Table 2. 

Year Passenger Trucks Total 30th Max Hour Flexible 
ESAL’s 

1996 430 140 570 70 130 

2002 280 150 430 45 125 

Table 2 

3 




Construction 
Project SS-2-001(025)033 started on June 3, 1997 and finished in the fall of 

1997. The contractor was Mayo Construction Company, Inc. located in Cavalier, ND. 

The experimental section containing cement was constructed on June 25, 1997 and the 

Consolid and lime sections were constructed on June 26, 1997. 

Photo 1 - Mining road in area of experimental section. 

The cement section was completed with no problems associated with the 

material or the constructability of the section. The cement was placed on top of the 

existing mined material and mixed in-place with the mining machine. The material was 

then bladed to centerline for further mixing and laydown. Water was added as required 

for laydown and compaction. Compaction was accomplished with a rubber tire roller. 
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Photo 2 - Placing cement on blended base. 

Photo 3 - Blending cement into blended base. 

The Consolid section was completed with no major problems. The liquid material 

was blended with the base by using the mining machine. The contractor noted that this 

product was easy to work with. The material was compacted in layers because the 
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manufacturer’s representative did not think adequate density could be achieved in one 

lift. The contractor stated that placing the material in lifts was not part of his bid. But 

there was no change orders regarding this matter. 

Photo 4 - Placing Consolid on blended base. 

Photo 5 - Consolid after laydown. 

6 




Photo 6 - Blending Consolid into blended base. 

The lime section was completed with only minor problems associated with the 

material and the constructability of the section. Due to the light weight of the material, 

the material would tend to push out in front of the mining machine. The material also 

tended to blow away. Water was added as required for laydown and compaction. 

Photo 7 - Lime after laydown. 
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Photo 8 - Blending lime into the blended base. 

Photo 9 - Note the dust created during the blending operation of 
the lime section. 

All sections were constructed according to the plans and specifications. Refer to 

Table 3 for the location and price per square yard for adding a stabilizing agent to the 

base section. Calculations are based on the bid price for the stabilizing agent. 
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Reference pointStabilizing
Agent From To 

Application Rate Price per Square
Yard 

Lime 43.863 44.147 3% by weight $2.50 

Cement 44.147 44.431 4% by weight $3.33 

Consolid 44.431 0.03 gallons per 
Square Yard $2.73 

Control 44.716 ——— ——— 

44.716 

45.000 

Table 3 
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Evaluation 
On September 9, 2002, Materials & Research Division conducted the final 

evaluation on this experimental project. The following parameters were evaluated: 

⇒ Distresses in the pavement. 

⇒ Overall pavement condition. 

⇒ Crack pattern in the different base sections. 

⇒ Performance of each section. 

⇒ Effect on rutting in the stabilized base sections. 

⇒ Ride characteristics. 

⇒	 Base strength as determined by the Falling Weight Deflectometer (FWD), (FWD 

was performed on August 19, 2002). 

Distresses in the Pavement 
The only distress noted in the control section and test sections were transverse 

cracks. Please refer to Table 4. 

Section Number of Transverse Cracks 
October 16, 2001 

Number of Transverse Cracks 
September 9, 2002 

Lime 1 3 

Cement 3 5 

Consolid 0 2 

Control 1 3 

Table 4 

Referring to Table 4, the only notable section is the cement section. This section 

has the highest transverse crack count out of the four sections. By adding cement to 

the aggregate base, the base takes on several properties of concrete, one being more 

susceptible to cracking. However, these cracks have not affected the ride. 

Overall Pavement Condition 
The overall pavement condition in each section is very good. 
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Photo 10 - Base section stabilized with lime, looking north. 

Photo 11 - Base section stabilized with cement, looking south. 
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Photo 12 - Base stabilized with Consolid, looking north. 

Photo 13 - Base section with no stabilization, looking south. 
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Crack Pattern 
The only cracks that have appeared are transverse cracks. The cracks are 

randomly spaced with no set pattern or location. Photo 14 shows a typical transverse 

crack which is located in the cement stabilized base section. 

Photo 14 - Typical transverse crack. 

Performance 
Each section is performing excellent at this time. The cement section has more 

transverse cracks than the other sections, however, this has not affected the overall 

performance of the cement section at this time. 

Rutting 
No rutting has occurred in the test sections or the control section. Each section 

is performing equally in this area. 
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Ride Characteristics 
The ride remains excellent in each section. The transverse cracks have not 

affected the ride. The transverse cracks are not depressed at this time which would 

affect the ride characteristics. 

FWD 
The results of the FWD analysis shows the biggest difference in the performance 

of each material. FWD analysis was performed in August 2000, September 2001, and 

August 2002. Refer to Table 5 for the analysis. 

Referring to Table 5, the lime and cement section are performing fairly close in 

base strength, more than doubling the base modulus over the control section. The 

Consolid section has not improved the base strength over the control section at all. 

Base Modulus (ksi)
Section 

August 8, 2000 September 26, 2001 August 19, 2002 Average 

Lime 88 90 92 

Cement 88 106 102 

Consolid 36 41 36 

Control 39 41 40 

90 

99 

38 

40 

Table 5 

Pavement Design 
Based on the average base modulus for each section in Table 5, a new 

pavement section was designed for each test segment. Costs were also calculated for 

the new pavement sections. Refer to Table 6. 

Section 
Min 

Aggregate 
Base 

Thickness 

HBP – 
Class 29 Cost (SY) Aggregate 

Base 
Min HBP 

Thickness 
Cl. 29 

Cost (SY) 

Lime 9” $12.49 12” 3.0” $11.81 

Cement 9” $12.25 11” 3.0” $11.88 

Consolid 14” $15.45 14” 4.5” $15.45 

Control 14” $12.72 14” 4.5” $12.72 

4.5” 

4.0” 

4.5” 

4.5” 

Table 6 
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The costs from Table 6 only include Class 5 aggregate, stabilizing agent (if any), 

Class 29 aggregate, and PG 58-28 oil. All costs were obtained from the 2002 average 

annual bid prices except the stabilizing agents, which used the 1997 bid prices. Costs 

associated with traffic control, additional aggregate or milling due to a mine/blend, 

widening, testing, or other items are not included. 

Based on the above costs and a 30 foot wide road, approximately $4,048 to 

$16,016 could be saved per mile by utilizing a stabilizing agent depending on the base 

and HBP thickness used and also depending on the stabilizing agent used. The 

savings may be more substantial if the reduced section due to stabilization required less 

embankment material for widening. However, long term maintenance costs are 

unknown. 

The Consolid section has not improved the performance of the base section and 

we would only see an increase associated with using this material. 

Summary 
Each section is performing excellent. No distresses are noted in each section 

except for a few transverse cracks. The ride and overall pavement condition remains 

excellent and no rutting was evident in the test sections. 

The most notable difference in performance of the base sections is the base 

modulus strengths. The lime and cement sections have at least twice the base strength 

of the control section. However, the light weight of lime created problems during 

construction. The Consolid section has the same base strength as the control section. 

By using a stabilizing agent, costs may be reduced by reducing the amount of 

material required for the pavement section and embankment material for widening. 
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Recommendation 
It is recommended on a future project, primarily in an area with limited aggregate 

resources, that designs be considered utilizing the findings in this report and also 

utilizing current design methodologies to calculate if there will be an actual construction 

cost saving. Estimated costs given in Table 6 indicate that prices are comparable so 

the benefit would primarily be reducing aggregate consumption. However, long term 

costs associated with maintenance are not known. 

It is also recommended that a future research project be performed with fly ash 

as a stabilizing agent. Class C fly ash has many of the same properties of cement but 

at a lower cost. The research project could be conducted in phases, with phase I being 

laboratory testing on the percentage of fly ash required to obtain the same results at the 

cement stabilized base in this project. Future phases would only proceed with positive 

results of phase I. 
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Highway 1

08/08/00 09/26/01 08/19/02 

MILE AVE AVE AVE 
Lime 88.31 89.92 92.23 

Cement 88.26 105.78 102.49 
Consolid 35.55 41.18 36.37 
Control 39.11 40.99 39.51 

PROJ AVE 63.22 69.80 68.05 
STD DEV 29.48 33.48 34.26 

Mile TESTLOC E2 E2 E2 
Lime 43.4550 34.31 51.91 39.22 
Lime 43.4600 73.55 80.35 73.99 
Lime 43.4650 109.78 107.30 101.44 
Lime 43.4700 93.75 116.80 108.28 
Lime 43.4750 107.93 117.86 110.48 
Lime 43.4800 94.44 104.78 80.93 
Lime 43.4850 102.66 115.42 102.55 
Lime 43.4900 95.55 98.38 103.24 
Lime 43.4950 97.27 69.14 112.40 
Lime 43.5000 84.79 82.38 81.09 
Lime 43.5050 82.14 94.17 78.77 
Lime 43.5100 82.88 86.80 84.96 
Lime 43.5150 93.90 85.26 91.89 
Lime 43.5200 85.22 99.42 102.58 
Lime 43.5250 79.73 64.13 74.36 
Lime 44.0000 72.23 61.80 74.67 
Lime 44.0050 66.19 74.41 74.94 
Lime 44.0100 84.91 94.04 87.43 
Lime 44.0150 71.06 72.13 71.83 
Lime 44.0200 72.00 82.21 82.26 
Lime 44.0250 78.72 71.03 73.86 
Lime 44.0300 69.28 83.53 86.06 
Lime 44.0350 73.08 76.30 103.12 
Lime 44.0400 107.73 89.79 115.04 
Lime 44.0450 91.66 106.19 96.23 
Lime 44.0500 72.32 67.22 86.95 
Lime 44.0550 85.76 82.93 75.98 
Lime 44.0600 84.83 90.45 116.85 
Lime 44.0650 104.87 99.39 106.43 
Lime 44.0700 112.07 136.18 101.82 
Lime 44.0750 138.74 128.54 96.40 
Lime 44.0800 122.42 87.22 155.29 

Cement 44.0850 94.26 141.98 94.03 
Cement 44.0900 104.41 123.27 118.38 
Cement 44.0950 110.24 90.23 97.08 
Cement 44.1000 52.65 78.74 87.62 
Cement 44.1050 81.39 100.35 112.95 
Cement 44.1100 92.50 108.19 120.24 
Cement 44.1150 92.04 109.14 113.79 
Cement 44.1200 128.26 123.67 105.98 
Cement 44.1250 97.71 162.76 135.82 
Cement 44.1300 89.39 122.15 134.74 
Cement 44.1350 105.09 129.00 141.04 
Cement 44.1400 127.66 172.70 123.52 
Cement 44.1450 79.43 93.42 115.60 
Cement 44.1500 85.85 108.34 132.14 
Cement 44.1550 86.63 104.00 93.21 
Cement 44.1600 76.54 85.81 90.63 
Cement 44.1650 79.69 96.46 93.77 
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Cement 44.1700 87.20 99.86 75.39 
Cement 44.1750 100.58 93.12 106.71 
Cement 44.1800 105.35 89.13 79.15 
Cement 44.1850 77.03 88.42 126.82 
Cement 44.1900 101.19 102.25 115.38 
Cement 44.1950 88.66 129.19 96.34 
Cement 44.2000 97.03 114.85 111.02 
Cement 44.2050 94.35 94.25 99.47 
Cement 44.2100 92.50 108.42 110.87 
Cement 44.2150 67.55 108.08 101.10 
Cement 44.2200 61.41 98.64 66.92 
Cement 44.2250 61.24 59.26 35.57 
Cement 44.2300 29.89 37.70 39.43 

Consolid 44.2350 33.17 42.51 36.92 
Consolid 44.2400 42.56 37.19 32.09 
Consolid 44.2450 27.52 40.14 34.45 
Consolid 44.2500 27.79 39.16 31.75 
Consolid 44.2550 33.48 34.66 31.88 
Consolid 44.2600 29.44 38.84 36.06 
Consolid 44.2650 36.45 38.80 38.26 
Consolid 44.2700 32.18 48.37 35.03 
Consolid 44.2750 44.23 51.40 45.03 
Consolid 44.2800 42.46 44.71 40.81 
Consolid 44.2850 39.94 41.87 40.12 
Consolid 44.2900 39.14 42.28 40.34 
Consolid 44.2950 42.28 44.10 40.77 
Consolid 44.3000 44.57 46.73 39.22 
Consolid 44.3050 36.32 45.79 37.74 
Consolid 44.3100 31.71 42.14 32.41 
Consolid 44.3150 34.08 40.39 28.36 
Consolid 44.3200 31.64 37.86 30.67 
Consolid 44.3250 29.69 36.83 32.79 
Consolid 44.3300 27.55 33.13 35.05 
Consolid 44.3350 28.66 36.23 28.15 
Consolid 44.3400 34.98 40.30 33.55 
Consolid 44.3450 32.93 41.64 37.42 
Consolid 44.3500 41.55 44.79 39.95 
Consolid 44.3550 31.39 38.33 28.05 
Consolid 44.3600 37.43 40.71 37.19 
Consolid 44.3650 38.22 40.10 41.49 
Consolid 44.3700 34.25 35.24 34.43 
Consolid 44.3750 30.08 35.84 36.67 
Consolid 44.3800 50.82 55.26 54.36 

Control 44.3849 39.84 38.64 40.88 
Control 44.3900 40.49 42.58 37.28 
Control 44.3950 46.08 42.16 43.26 
Control 44.4000 39.64 47.05 42.30 
Control 44.4050 45.16 42.15 39.76 
Control 44.4100 37.56 41.13 41.67 
Control 44.4150 37.27 38.00 36.10 
Control 44.4200 43.44 44.08 42.63 
Control 44.4250 44.57 46.01 44.99 
Control 44.4300 36.02 38.30 33.70 
Control 44.4350 35.67 41.10 40.69 
Control 44.4400 40.62 41.73 35.00 
Control 44.4450 32.25 40.29 38.96 
Control 44.4500 48.43 45.68 56.48 
Control 44.4550 46.14 46.41 45.62 
Control 44.4600 34.03 34.82 31.33 
Control 44.4650 33.94 35.71 33.48 
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Control 44.4700 
Control 44.4750 
Control 44.4800 
Control 44.4850 
Control 44.4900 
Control 44.4950 
Control 44.5000 
Control 44.5050 
Control 44.5100 
Control 44.5150 
Control 44.5200 
Control 44.5250 
Control 45.0000 

37.90 39.49 37.90 
34.48 32.68 31.59 
36.35 44.21 40.69 
37.00 32.06 35.36 
31.54 27.81 32.27 
27.47 32.94 29.82 
37.30 35.23 37.50 
30.17 37.55 31.69 
41.95 43.50 43.01 
41.64 49.35 39.48 
42.61 51.25 47.88 
47.81 50.90 49.75 
45.93 46.85 44.35 
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